Abstract-The objective of this paper is to analyze the behavior of specular scattering for different soil texture fields at various soil moisture (m v ) and analyze the data to retrieve the soil moisture with minimizing the effect of the soil texture. To study the soil texture effect on specular scattering 10 different soil fields were prepared on the basis of change in soil constituents (i.e., percentage of sand, silt and clay) and experiments were performed in both like polarizations (i.e., HH-polarization and V V -polarization) at various incidence angles (i.e., varying incidence angle from 25 • to 70 • in step of 5 • ). Angular response of specular scattering coefficients (σ • hh in HH-polarization and σ • vv in V V -polarization) were analyzed for different soil texture fields with varying soil moisture content whereas the surface roughness condition for all the observations were kept constant. The changes in specular scattering coefficient values were observed with the change in soil texture fields with moisture for both like polarizations. Further, copolarization ratio (P = σ • hh /σ • vv ) study was performed and it was observed that the dependency of copolarization ratio for change in soil texture field at constant soil moisture is less prominent whereas the value of copolarization ratio is varying with variation of moisture content. This emphasizes that copolarization ratio may be minimizing the effect of soil texture while observing the soil moisture on specular direction. Regression analysis is carried out to select the best suitable incidence angle for observing the moisture and texture at C-band in specular direction and 60 • incidence angle was found the best suitable incidence angle. An empirical relationship between P and m v was developed for the retrieval of m v and the obtained relationship gives a good agreement with observed m v . In addition, m v was also retrieved 
through the Kirchhoff Approximation (SA) and a comparison was made with the retrieved results of empirical relationship. The empirical relationship outperformed the SA.
INTRODUCTION
Knowledge of spatial distribution of soil moisture is required in a number of applications such as hydrology, agriculture, weather monitoring etc. Soil moisture acts as an interface between the land surface and atmosphere and plays an important role in partitioning of precipitation into runoff and ground water storage [1, 2] . Scattering from soil in microwave domain is basically dependent on soil parameters, i.e., soil moisture, soil texture and surface roughness. Soil moisture is represented as the volumetric water content and defined as the fraction of the total volume of soil that is occupied by the water contained in the soil. Further, soil texture is a term commonly used to designate the proportionate distribution of the different sizes of particles in a soil. According to United States Department of Agriculture (USDA) system of nomenclature these soil particles are categorized as sand, silt and clay. Details on soil particle distribution are provided in Table 1 [3] .
Most of the work for soil parameter characterization has been established for monostatic system [1, 2, [4] [5] [6] [7] [8] and lesser studies have been performed for bistatic system [9] [10] [11] [12] [13] [14] [15] [16] . Bistatic configuration in contrast to monostatic configuration uses separate transmitter and receiver which are located individually. At present, several models have been proposed by the researchers in system conceptualization for having bistatic data from air-born/space-born mission [17] [18] [19] . In future, it is planned to send TanDem-X by German Aerospace Centre (DLR) in association with Astrium GmbH which will be the second satellite in series of TerraSAR-X and will provide the bistatic data in X-band [20] .
Researches have shown that the soil dielectric constant is dependent on soil texture, along with it has been proved that change in dielectric constant with moisture shows its dependency on soil [21] [22] [23] [24] . Microwave scattering is highly dielectric dependent parameter which shows the feasibility of studying the soil texture from remotely sensed data in microwave domain [8, 11, 12, 22, 23] . Some studies have been carried out to analyze the soil texture effect on scattering coefficient but the individual soil constituent response on specular scattering is under research. Most of the research work in bistatic configuration to characterize the soil parameters is simulation work and less experimental studies have been performed. Wu et al. [16] made a simulation study for bistatic scattering by varying the surface roughness and made a comparison for Advance Integral Equation Model (AIEM) with the Small Perturbation Model (SPM), Kirchhoff Scalar Approximation (SA) and Kirchhoff Stationary Phase Approximation (SPA) for their respective validity range. Pierdicca et al. [15] has attempted to retrieve the soil moisture by performing a simulation study based on AIEM model but does not consider the soil texture effect in their study. Nashashibi and Ulaby [13] explore the nature of bistatic scattering from soil surface by performing the measurement at 35 GHz. They have also shown that the calculation based on Kirchhoff scalar Approximation provides good agreement between the theory and observation. Even though, this paper does not mention the effect of soil texture on scattering and explains the scattering behavior based on the moisture and surface roughness only. Ceraldi et al. [11] provided a scheme for the retrieval of soil moisture in bistatic case minimizing the effect of surface roughness but did not consider the effect of soil texture. De Roo and Ulaby [12] conducted the experiment to determine the nature of the bistatic scattering from rough dielectric surface at 10 GHz. The observation was obtained for specular scattering and it was shown that the Kirchhoff Scalar Approximation provide good agreement with the observed data. Studies carried out in the field of bistatic reveal that for soil surface characterization the observation should be made in specular direction [11] [12] [13] [14] [15] . In this paper, we have prepared different field for known soil texture constituent that is by varying the soil constituent (i.e., percentage of sand, silt and clay) and prepared 10 fields that represent lower sand value to higher sand value and similarly for silt and clay. The main aim of this paper is to know the individual effect of soil constituent on specular scattering in one hand and in other hand to know the effect of specular scattering after changing the moisture level in these fields. Further, an algorithm has been proposed for the retrieval of soil moisture which can minimize the effect of soil texture. This paper is organized as follows. In Section 2, there is a brief description of experiment performed with the specification of soil texture fields and soil moisture measurements. Further, modeling approach for soil moisture retrieval is illustrated. Section 3 treat the results and discussion part which include study of specular scattering coefficient with change in soil texture fields and soil moisture, along with the development of empirical relationship between soil moisture and copolarization ratio. Finally, in Section 4 conclusions have been drawn.
METHODOLOGY

Field Preparation and Field Data Analysis
Ten different soil texture fields were analyzed for their response to specular scattering coefficient. Different soil texture fields were artificially prepared by changing the percentage of soil constituent, i.e., sand, silt, and clay. Sieve analysis and hydrometric tests were conducted to find out the percentage of sand, silt, and clay in soil. Variations in sand percentage, silt percentage, and clay percentage were from 85.3% to 2.3%, 70.6% to 7.5%, and 81.6% to 2.5% respectively and details of soil constituents for these fields are given in Table 2 . Sieve analysis using various sieves of different mesh opening (4.75 mm to 0.075 mm) were used to calculate the percentage of sand. The percentage of soil retained on each sieve is calculated on the basis of the total mass of the soil sample. In addition, soil fraction finer than 0.075 mm were separated out for further hydrometric test. Hydrometric test was carried out for particle size lesser than 0.075 mm to determine the percentage of silt and clay in soil [25] . To check the Table 3 . For moisture measurements, 10 soil samples of up to 5 cm depth were chosen randomly and average value of soil moisture were reported. Firstly these moist samples were weighted, afterward kept for 24 hours at 110 • C for drying and subsequently these dry samples were weighted. Volumetric soil moisture (m v ) was measured with the help of (1) [5] .
where w moist and w dry are weight of moist and dry soil sample, respectively and ρ b is the soil bulk density. Further, root mean square surface height and correlation length of each field was measured with pin profile meter. Surface roughness values for all observations were kept constant and average value of rms height and correlation length was reported. Average value and standard deviation for rms surface height was 0.36 cm and 0.04 cm, respectively and for correlation length was 5.57 cm and 0.95 cm respectively. 
Experimental Setup
In order to retrieve the specular scattering coefficient for different soil texture fields with varying soil moisture conditions a C-band bistatic scatterometer setup was indigenously developed. C-band pyramidal horn antenna was mounted on a movable platform of 3 meter height and its parameters are listed in Table 4 . Developed scatterometer setup is capable of taking observation in both like polarizations, i.e., HHpolarization and V V -polarization and incidence angle varying from 25 • to 70 • in step of 5 • . Field size of different soil fields was 2 m × 2 m. The details regarding the selection of the field size and the position of horn antenna is provided in Appendix A. Further, the formulation used to calculate the specular scattering coefficient can be found from the reference Prakash et al. [14] .
Theoretical Approach
The Kirchhoff Scalar Approximation provides the reasonable good fit to the experimental data in specular direction [12] [13] [14] [15] . The formulation has been used to retrieve the soil moisture with a priori information of rms surface height and correlation length and the results were compared with the proposed empirical approach. Final expression of specular scattering coefficient for the Kirchhoff Scalar Approximation is given in (2) and detailed expressions are provided in Appendix B
2.4. Modeling Approach Figure 1 illustrates the flow chart of the modeling approach to carry out the soil moisture retrieval by minimizing the soil texture effect. Following points discuss in detail the approach that has been followed in the development of the proposed algorithm.
1. Angle of incidence is important dependent parameter for deciding the sensor parameter and retrieval algorithm. Therefore it is important to know the angular behavior of the specular scattering coefficient for different soil texture and moisture conditions. It is difficult to segregate the individual effect like incidence angle effect on texture and moisture therefore there is a need to carry Angular response of specular scattering coefficient for five soil texture fields at various moisture in HH-and VVpolarization Development of empirical relationship between the copolarization ratio and volumetric soil moisture Soil moisture retrieval through proposed empirical relationship Specular scattering coefficient of remaining fields at best incidence angle in both like polarizations
Copolarization ratio retrieval for all field data at best incidence angle
Best incidence angle selection
Comparison between the results of empirically retrieved and theoretically calculated soil moisture Soil moisture retrieval through Kirchhoff Scalar Approximation out some statistical analysis by which the effect of the surface parameters on specular scattering coefficient on different incidence angle may be observed. One of the methods is regression analysis with coefficient of determination (R 2 ) tell about the relationship between dependent and independent variables on the one hand and on the other hand the extent to which dependent variable (for this case specular scattering coefficient) depend on the independent variable (for our case soil texture and soil moisture). Therefore, multiple regression analysis was performed to realize the incidence angle at which the specular scattering coefficient best represent the different soil parameters. 2. The effect of soil texture on specular scattering coefficient prompt to minimize its effect for soil moisture retrieval. Therefore, it is important to carry out the copolarization ratio (σ • hh /σ • vv ) study and check how it may be helpful to minimize the soil texture effect on the specular scattering. A detailed analysis of copolarization ratio was performed for various soil texture fields with different moisture content. The obtained results are quite encouraging and imply that soil texture has negligible effect on copolarization ratio and the change in the copolarization ratio is obtained only with the soil moisture. 3. The best incidence angle selection (step 1) and the minimization of the soil texture effect on copolarization ratio as well as its dependence on soil moisture content only (step 2), suggest a relationship between the copolarization ratio and volumetric soil moisture content. An empirical relationship has been developed between the copolarization ratio and soil moisture with good coefficient of determination. The soil moisture content of any field can be determined by the inversion of this empirical relationship.
RESULTS AND DISCUSSION
Response of Specular Scattering Coefficient for Soil Texture
Angular variation of specular scattering coefficient for different soil texture and moisture for both like polarizations are shown in Figures 2  and 3 and details about the fields are given in Tables 2 and 3 .
Specular Scattering Response for Soil Texture in HH-polarization for Dry Soil
Discrimination in specular scattering coefficient can be observed in different soil texture fields at C-band for dry soil (Figure 2(a) ). Field 1 (sand = 85.3%, silt = 7.5%, and clay = 2.5%) which consists of Figure 2 (a). Therefore it may be inferred that when the silt constituent in the soil is changed from the 41.3% to 70.6% it has the minimum effect on the specular scattering coefficient at C-band and HH-polarization. Further, in case of higher incidence angle (≥ 45 • ) decrease in specular scattering coefficient is observed with the decrease in sand percentage, i.e., decreasing the sand percentage from 85.3% to 24.6%, whereas keeping the percentage of sand and clay lower in soil and making the changes in silt percentage in major amount does not affect the specular scattering coefficient significantly and provides a kind of saturation in specular scattering coefficient (Figure 2(a) ). Additionally, a decrease in specular scattering coefficient is again observed with the increase in clay percentage from 51.5% to 81.6% (Figure 2(a) ). The observation made with different soil texture field for dry soil at C-band in HH-polarization suggest that the higher incidence angle (≥ 45 • ) better discriminate between different soil texture field and the changes made in sand constituent and clay constituent have greater effect on the specular scattering coefficient, where as the change in silt constituent has very less effect on specular scattering coefficient.
Specular Scattering Response for Soil Texture in HH-polarization for Moist Soil
To study the effect of soil moisture on different soil texture fields, fields were irrigated artificially. The details about the fields are given in Table 3 . Figures 2(b) , 2(c), 2(d), 2(e), and 2(f) explain the angular behavior of specular scattering coefficient when the volumetric soil moisture contents were 0.096 cm 3 cm −3 , 0.188 cm 3 cm −3 , 0.261 cm 3 cm −3 , 0.374 cm 3 cm −3 and 0.425 cm 3 cm −3 , respectively for 10 different soil texture fields. The effect of soil texture on specular scattering can be noticed for lower soil moisture contents, i.e., with the change in soil texture field, significant changes in specular scattering coefficient can be observed (Figures 2(b), 2(c), and 2(d) ). The dynamic range of 11.2 dB, 12.3 dB, and 13.4 dB was observed at volumetric soil moisture contents 0.096 cm 3 (Figure 2(b) ). These observations clearly signify the soil texture effect on specular scattering coefficient in the presence of lower soil moisture (i.e., 0.096 cm 3 cm −3 ) and infer that the Field 1 to Field 2 and Field 9 and Field 10 which has the higher amount of the sand and clay respectively has key changes in specular scattering coefficient while Field 4 to Field 8 which has higher amount of the silt has almost same response for the specular scattering coefficient. Further, with the increase in soil moisture content, it was observed that at volumetric soil moisture content 0.188 cm 3 cm −3 and 0.261 cm 3 cm −3 , the dynamic range for Field 3 to Field 8 were approximately same whereas Field 1 and Field 2 that possess the high amount of sand (85.3% and 62.6% respectively) have lowest dynamic range while Field 9 and Field 10 that possess the high amount of clay content (64.2% and 81.6% respectively) have maximum dynamic range (Figures 2(c) and 2(d) ). The effect of soil texture on specular scattering coefficient is difficult to observe at high moisture content (m v = 0.374 cm 3 cm −3 and 0.425 cm 3 cm −3 ), i.e., with the change in soil texture very less changes occur in specular scattering coefficient (Figures 2(e) and 2(f) ). The effect may arise due to high dielectric constant of water, i.e., after some particular soil moisture content saturation occurs and moisture effect dominates the soil texture effect. Observation with the moisture content in soil for different soil texture field at C-band in HH-polarization infer that the sand and clay constituent of the soil has its effect on specular scattering coefficient for soil moisture content up to 0.261 cm 3 cm −3 whereas the silt constituent has the minimum effect. The effect is more prominent at higher incidence angel (≥ 45 • ). Soil moisture content higher than 0.261 cm 3 cm −3 provides the specular scattering coefficient with minimum changes was observed with the change in soil texture and only the angular variation was observed. Figure 3 (a) provides the insight for the variation in specular scattering coefficient with incidence angle in V V -polarization for 10 different soil texture fields for dry soil (i.e., volumetric soil moisture is 0.027 cm 3 cm −3 ). The change in specular scattering coefficient was observed with the change in soil texture in V V -polarization also, as was the case with HH-polarization. Figure 3(a) explains the behavior of specular scattering coefficient for dry soil and the observation infers that higher incidence angle (≥ 45 • ) has better discrimination for different soil texture field than at lower incidence angle. It can be observed from Figure 3 (a) that at 60 • incidence angle a sharp decrease in specular scattering coefficient occur for all the 10 different soil texture fields. This phenomenon may be due to Brewster angle effect in V V -polarization. Brewster angle is characterized as the incidence angle at which all the incident power is transmitted and theoretically there should be no reflected power. But, the undulation and inhomogeneity in the medium provide lower values of specular scattering coefficient.
Specular Scattering Response for Soil Texture in V V -polarization for Dry Soil
The observation at C-band in V V -polarization for dry soil with different soil texture field suggests the utilization of the higher incidence angel. (Figure 3(b) ). This occurs due to the change in dielectric constant of soil with the moisture that causes the shift in Brewster angle. Further, at volumetric soil moisture content 0.188 cm 3 cm −3 only the soil with higher clay content (Field 8, Field 9, and Field 10) exhibit the Brewster angle effect while the soil with higher sand or silt content (Field 1 to Field 7) did not exhibit Brewster angle (Figure 3(c) ). This may be due to the lower dielectric constant of soil having greater amount of clay constituent and high dielectric constant of soil having high amount of sand or silt constituent. Similar results were also found by De Roo and Ulaby [12] and Nashashibi and Ulaby [13] . At high moisture values the Brewster angle effect is not observed (Figures 3(d), 3(e), and 3(f) ). Further, it may be noticed from Figures 3(e) and 3(f) that when the moisture content in soil is high (m v = 0.374 cm 3 cm −3 and 0.425 cm 3 cm −3 respectively), approximately same specular scattering coefficient values are obtained with the change in soil texture at all incidence angle. Albeit, at these high moisture contents the dynamic range for soil having high amount of sand (Field 1) and high amount of clay (Field 10) show significant changes. Dynamic range for Field 1 (sand = 85.3%, silt = 7.5%, and clay = 2.5%) is 22.9 dB and dynamic range for Field 10 (sand = 2.3%, silt = 10.3%, and clay = 81.6%) is 26.6 dB.
Specular Scattering Response for Soil Texture in V V -polarization for Moist Soil
The observation made with moist soil for different soil texture field at C-band in V V -polarization suggest the use of higher incidence angle (≥ 45 • ) as was the case with HH-polarization. The Brewster angle effect was not observed for soil moisture content equal to or greater than 0.261 cm 3 cm −3 and the and the discrimination for the high amount of sand in soil (Field 1) and high amount of clay in soil (Field 10) can be made at all soil moisture values. Further, the effect of silt constituent on specular scattering coefficient is minimum as was observed in HH-polarization.
Copolarization Ratio Response for Soil Texture with Different Soil Moisture Contents
Figures 4 and 5 represent the change in specular scattering coefficient with different soil texture at various soil moistures in HH-and V Vpolarization respectively at 60 • incidence angle which is obtained through the regression analysis and detail regarding the regression is discussed in Section 3.3. The change in specular scattering coefficient for different field is clearly evident for the both like polarizations. This signifies the effect of soil texture on the specular scattering coefficient. The copolarization ratio study was carried out to check the effect of soil texture on copolarization ratio. Figure 6 explains the behavior of the copolarization ratio for the change in soil texture field. It is evident from the figure that the value of copolarization ratio is approximately constant with variation of soil texture at constant soil moisture which indicates that copolarization ratio is less sensitive for soil texture. The change in copolarization ratio is observed with the change in soil moisture content. The higher value of copolarization ratio is found for the lowest value of soil moisture content and vice versa.
The study with the copolarization ratio suggest that it is almost independent to the changes made is soil constituent, i.e., the variation of sand percentage, silt percentage or clay percentage at constant moisture. Therefore, it may be inferred that the copolarization ratio minimizes the soil texture effect and the variation in copolarization ratio can be observed with the variation in soil moisture content only.
Soil Moisture Retrieval
Step 1: The discussion made in Section 3.1 and from Figures 2 and 3 it is observed that specular scattering coefficient is highly dependent on angular variation for all soil texture fields in both like polarizations. Now in accordance to Step 1 of modeling approach (Section 2.4), multiple regression analysis was carried out keeping the soil texture (i.e., percentage of sand, silt, and clay) and soil moisture as independent variable and specular scattering coefficient as dependent variable. Results of regression analysis are shown in Table 5 . Incidence angle greater than 45 • provides the R 2 values that are always greater than 0.85 and 0.80 and SE is less than 1.01 and 1.50 in HH-and V V -polarization respectively, which infer that higher incidence angle better correlate the specular scattering coefficient with soil texture and soil moisture as we observed experimentally also. The lower value of R 2 and higher value of SE for V V -polarization in comparison to HH- polarization at higher incidence angle may be due to the Brewster angle effect observed in V V -polarization. The observation at lower incidence angle provides low R 2 and high SE, which led to conclude that lower incidence angle are not suitable for characterizing the soil parameters when observations are made in specular direction at C-band. Use of higher incidence angle for soil parameter characterization has also been recommended by Singh and Dubey [10] , Cereldi et al. [11] , Nashashibi and Ulaby [13] , Prakash et al. [14] for scattering in specular direction. The maximum value of R 2 is obtained at 60 • incidence angle for both like polarizations. Hence, we have considered 60 • as the best suitable incidence angle for observing soil texture and soil moisture at C-band in specular direction.
Step 2: From Step 1 it is observed that 60 • incidence angle describe the best incidence angle for soil parameter characterization when observation are made in specular direction. Our further discussion will be concentrated on specular scattering coefficient values obtained at this best incidence angle. The discussion made in Section 3.2 clearly signifies from the Figures 4 and 5 that specular scattering coefficient is a sensitive parameter for different soil texture field in both like polarizations. Though, at higher moisture we can observe the approximate same specular scattering coefficient values. The effect may be explained that at higher moisture value the proportion of water in soil increases drastically and the effect of soil texture is less prominent. This phenomenon is clearly visible in case of both like polarization for volumetric soil moisture approximately 0.374 cm 3 cm −3 and higher. Further, the discussions in Section 3.2 also suggest the minimization of soil texture effect with the copolarization ratio and the change in copolarization ratio with moisture content only ( Figure 6 ).
Step 3: Copolarization ratio study suggest a relationship between the copolarization ratio (P ) and soil moisture (m v ) that is almost independent to the effect of soil texture. Five different soil texture fields (Field 1, Field 3, Field 6, Field 8 and Field 10) with various soil moisture values were chosen for the development of the empirical relationship and the remaining five fields (Field 2, Field 4, Field 5, Field 7 and Field 9) were kept for the validation purposes. Figure 7 shows the graph that has been plotted between the copolarization ratio and volumetric soil moisture content for five different soil texture fields on the basis of which the empirical relationship has to be developed. The empirical relation has been developed between copolarization ratio (P ) and volumetric soil moisture (m v ) based upon these five soil texture fields. The developed empirical relationship is given in (3) with R 2 values always greater than 0.95 and SE is less than 0.51.
The values of constant a and b are respectively −6.562 and −0.4658. These values are average of all the fields with the standard deviation of 0.081 and 0.1477 respectively for a and b.
The developed empirical relationship is tested for retrieval of soil moisture content with the same set of fields and RMSE was 0.015 for retrieved soil moisture content. Furthermore, the remaining other five soil fields that were kept for validation of developed empirical relationship, the obtained results for the volumetric soil moisture provide the RMSE of 0.021. In addition, F-test has been carried out to check the validity of retrieved results through empirical relationship. 
CONCLUSION
The present study explains the behavior of specular scattering coefficient for different soil texture fields and its variation with soil moisture at C-band in both like polarizations. The study reveals that the specular scattering coefficient changes with the change in soil texture, and the major changes were observed for the change in sand constituent and clay constituent where the silt constituent in the soil provided minimum effect on the specular scattering coefficient for both like polarizations in C-band. The effect of sand, silt and clay constituent was observed up to soil moisture content 0.261 cm 3 cm −3 whereas approximately the same specular scattering coefficient was observed for the change in soil constituent at soil moisture content 0.374 cm 3 cm −3 and 0.425 cm 3 cm −3 . Angular variation of specular scattering coefficient for different soil texture infers that the higher incidence angles (≥ 45 • ) are quite suitable for observing the soil texture effect. It is noticed that generally in the models soil texture effect is not considered for retrieving the soil moisture which may affect the accuracy of the retrieved soil moisture because texture is quite dependent on specular scattering coefficient. Therefore, to minimize the soil texture effect copolarization ratio study was performed. Copolarization ratio study revealed that the change in soil constituent had the least effect on the copolarization ratio, and approximately same copolarization ratio was observed for all soil texture fields at constant soil moisture. It was also observed that the change in copolarization ratio was obtained with the change in soil moisture content. It indicates that copolarization ratio may retrieve the soil moisture quite accurately because it is less sensitive to soil texture. Therefore, we have developed an empirical relationship between copolarization ratio and volumetric soil moisture. The obtained retrieved results are in good agreement with ground data. The empirical relationship performed better than the Kirchhoff Scalar Approximation. Results obtained are very promising, and study may be explored for soil moisture monitoring with bistatic air born/space born mission.
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APPENDIX A.
Determination of point in x-y plane is the most important problem in the radar reflectivity measurement system. As in our system the angle of incidence of the wave has been changed at a step of 5 • from R Figure A1 . Geometry for the calculation of antenna position in x-y plane for fixed illumination area.
25
• to 70 • , therefore the position of the antennas has to be maintained such that the main lobe of the radiation pattern falls on the given field area. For finding out the values of x and y the illumination area is considered to be elliptical in shape. The geometry for the setup is provided in Figure A1 . Equations (A1) and (A2) are used for the determination of the x and y positions of the antenna [26] .
and y = R cos θ
where R is the distance from the antenna to the center point of the ellipse and θ is the incidence angle. The major axis of the ellipse (a) is calculated by using the (A3). 
The calculation of R is made by substituting the value of antenna parameter, i.e., ϕ e , ϕ az and θ and keeping the illumination area value 1 m 2 in (A8). Further, the calculation of x and y values, i.e., the position of antenna is made by substituting the values of R and θ in (A1) and (A2). It is assured that the beam must always illuminate the field of observation. Figure B1 represents the coordinate system for scattering geometry.
APPENDIX B. KIRCHHOFF SCALAR APPROXIMATION
(θ, ϕ) define the incident direction of the transmitted power P p (θ, ϕ) at polarization p, and (θ s , ϕ s ) is the direction of the received power P q (θ s , ϕ s ) at polarization q. Scattering coefficient under the scalar approximation is given by (B1) [27] .
where σ pqc , σ pqc and σ pqc represent scattering coefficient due to coherent scattering, non-coherent scattering and scattering from surface slope, respectively. Detailed expression regarding symbols in (B2), (B3) and (B4) can be found from the reference Ulaby et al. [26] . Here, k=2π/λ where λ is 
Final expression of specular scattering coefficient for the Kirchhoff Scalar Approximation is given in (B8).
